Background: Reinfected total knee arthroplasty can be managed with a second two-stage exchange or a knee arthrodesis procedure. Methods: Twenty-three patients with knee arthrodesis after failed exchange arthroplasty for infection were reviewed. Patients were managed with a staged protocol of implant extraction, débridement, and implantation of an antibiotic spacer, with subsequent arthrodesis. Follow-up averaged 40.4 months, with a minimum of 1 year. Results: Bony union with eradication of infection was achieved in 20/23 knees. Sixteen of the 20 patients were able to ambulate with minimal pain. The average time to union was 11.3 months, and the average leg length discrepancy was 4.85 cm. The average Knee Society Score after arthrodesis was 44, and the average visual analog scale pain score was 1.73. Three patients underwent above-knee amputation. Discussion: Knee arthrodesis performed for persistent periprosthetic infection allowed for eradication of infection and union in 87% of the patients, creating a stable knee fusion.
T otal knee arthroplasty (TKA) is the preferred treatment for endstage debilitating knee pathologies such as osteoarthritis and rheumatoid arthritis. 1 Although failure of TKA is a rare event, TKA infection is a particularly challenging clinical problem associated with increased morbidity and cost. 1 Despite the use of prophylactic antibiotics, between 1% and 2% of all knee replacements are complicated by periprosthetic joint infection (PJI). 1 A two-stage revision procedure is considered the benchmark in the treatment of TKA infection. 2 This consists of explantation of the infected implant, complete débride-ment, and placement of an antibiotic spacer, with at least 6 weeks of systemic antibiotic therapy. Once the infection is eradicated based on clinical examination, aspirate culture, and inflammatory markers, such as erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) level, revision arthroplasty can be undertaken. Placement of an antibioticimpregnated polymethyl methacrylate cement spacer offers multiple advantages in the treatment of PJI. It locally delivers a concentration of antibiotics not otherwise attainable with intravenous administration alone. A spacer also maintains leg length, facilitating reimplantation of a prosthesis. In a two-stage revision without the use of a spacer, patients may have symptomatic joint instability and develop softtissue contractures. Reimplantation with contractures, while possible, is technically more difficult. 3 Using an antibiotic-impregnated cement spacer can preserve knee joint mobility and allow for successful revision arthroplasty while delivering antibiotics locally to the site of infection. 3 There are two types of antibioticloaded polymethyl methacrylate cement spacers: nonarticulating (or static) and articulating. Although nonarticulating spacers provide local antibiotics and maintain the joint space for future revision surgeries, they have the disadvantage of a limited range of motion at the knee joint. 3 This can result in quadriceps or abductor shortening, scar formation, and bone resorption. 3 Articulating cement spacers, like the Prostalac Hip System (DePuy), permit greater joint motion and decrease scar formation to facilitate arthroplasty reimplantation. 3 Emerson et al 4 compared 26 patients treated with nonarticulating spacers with 22 patients treated with articulating spacers. Although they found virtually the same reinfection rate (8% in nonarticulating and 9% in articulating), the range of motion of the knee joint was an average of 14°greater after an articulating knee spacer. 4 In approximately 9% to 12% of cases, infection can persist, despite explantation of TKA and implantation of antibiotic spacers. 4, 5 In the case of persistent TKA infection, a well-recognized salvage procedure is knee arthrodesis, which can provide a stable, painless joint that allows for an independent lifestyle. 6 Knee arthrodesis can be achieved using an intramedullary (IM) nail, tibiofemoral screw-plate fixation, or an external fixator. 7 Compared to knee arthrodesis with external fixation, knee arthrodesis using an IM nail is reported to provide greater stability, avoid pin-tract infection, and allow faster weight-bearing, and is generally more acceptable to patients. 6 However, external fixation arthrodesis remains an attractive option for knee fusion when soft-tissue conditions are poor. 6 A number of studies have looked at patient outcomes after knee arthrodesis with bone IM nailing and external fixation. Solid bony fusion rates in the literature ranged from 73.7% to 100% in knee arthrodesis with IM nailing 1,7-11 and ranged from 68.4% to 100% in knee arthrodesis with external fixation. [12] [13] [14] [15] [16] [17] Reported time to bony fusion ranged from 3.6 to 9.3 months. 1, 7, 8, [10] [11] [12] [13] [14] [15] [16] [17] The reported limb-length discrepancy after arthrodesis ranged from 2.76 to 5.5 cm. 1, 7, 8, 10, 12, [15] [16] [17] [18] Limited information exists regarding patient outcomes after knee arthrodesis for PJI and failure of two-stage revision. This study retrospectively assessed radiographic bony fusion, clinical eradication of infection, limblength discrepancy, and patient functional outcomes after knee arthrodesis.
Methods

Patients
Retrospective analysis of 23 consecutive patients by a single surgeon at our institution who underwent knee arthrodesis between 2002 and 2014 was performed. Each patient was diagnosed with PJI that recurred after two-stage reimplantation. Patients were followed until evidence of fusion occurred, or they underwent a salvage above-knee amputation (AKA).
Electronic medical records were queried to also include the date of diagnosis of PJI, ESR, and CRP level at the time of diagnosis, infectious organisms, patient body mass index (BMI), patient comorbidities, number, type, and length of antibiotic-impregnated cement spacer placement, surgical technique, surgical complications, date of radiographic fusion, patient ambulatory status and limb-length discrepancy after arthrodesis, and total duration of follow-up.
Treatment
Before arthrodesis, each patient who developed knee PJI underwent a twostaged revision, consisting of extraction of the implant, débridement, and implantation of either a static or articulating antibiotic-impregnated cement spacer containing tobramycin and vancomycin. Implantation of a static or articulating spacer was at the discretion of the treating surgeon. In treating TKA infection before knee arthrodesis, patients had an average of 2.1 procedures for spacer placement and 0.9 irrigation and débridement procedures before fusion. Nine patients received Prostalac articulating cement spacers, and 14 patients had static cement spacers placed.
After a waiting period during which patients were treated with systemic antibiotics, revision arthroplasty was performed if clinical and laboratory markers suggested eradication of infection. If infection had not been cleared, further débridement and exchange of the antibiotic-loaded cement spacer were performed. In patients who did not clear infection after multiple procedures with antibioticimpregnated cement spacers, knee arthrodesis was the salvage procedure of choice. Knee arthrodesis with IM nailing, external fixation, or tibiofemoral screw-plate fixation was performed only after clinical and laboratory markers favored eradication of infection.
All two-staged revision and knee arthrodesis procedures were performed by one orthopaedic fellowshiptrained adult reconstruction surgeon at a single institution. Arthrodesis was performed using an IM nail, external fixation, or tibiofemoral screw-plate fixation. Radiographic examples of fusion of the IM nail or external fixation construct are shown in Figure 1 , A and B.
Evaluation
Electronic medical records and serial radiographs of all 23 patients were reviewed to evaluate clinical and radiographic arthrodesis outcomes of the surgeries. If patients did not return to the clinic with signs and symptoms of infection such as joint pain, fever, swelling, or effusion, laboratory markers (ESR and CRP level) were not generally rechecked. Arthrodesis was defined radiographically when a bridge of bone trabeculae could be observed in both AP and lateral radiographs at the knee joint. 11 Leg length discrepancy was measured on routine follow-up after arthrodesis. Leg length discrepancy was measured from the surgical side anterior superior iliac spine to the surgical side ankle medial malleolus. This was subsequently compared with the contralateral leg length measurement, and leg length discrepancy was calculated.
Patients subsequently were assessed for functional and pain outcomes using a variety of standardized scoring systems. The Knee Society Score (KSS) and Knee Society Functional Score were used to assess patient knee function and satisfaction after the arthrodesis procedure. The Knee Injury and Osteoarthritis Outcome Score (KOOS) was used to assess patient pain and symptoms, ability to take part in activities of daily living, function in sport and recreation, and knee-related quality of life. The visual analog scale (VAS) was used to assess pain after arthrodesis.
Knee arthrodesis was considered a success if patients achieved a painless, stable radiographically fused joint. The procedure was considered a failure if patients did not achieve solid bony union or required an AKA.
To factor the effect of patient comorbidities, the subjects in the cohort were stratified by the Charlson Comorbidity Index Score. This score has been found to be predictive and valid in various outcomes, such as mortality, disability, readmission, and length of stay. 19 
Results
The arthrodesis procedure was successful in achieving a stable limb with radiographic union in 20 of 23 patients (87%). Of the 20 patients with fusion or delayed union, 16 (80%) ambulated with minimal pain, although 6 required the assistance of a cane or walker. Four patients required a wheelchair for activities of daily living.
Nine male and 14 female patients were included in this study. The mean age at the time of arthrodesis surgery was 63.7 years. Twelve patients had left-sided PJI, and 11 had right-sided infection. The mean follow-up period was 40.4 months (range, 12 to 138 months). Osteoarthritis was the indication for the initial TKA in 19 cases, rheumatoid arthritis in 2 cases, and traumatic arthritis in 2 cases. Nine of the patients had diabetes mellitus, and 11 of the patients had a BMI of .30 kg/m 2 (average BMI, 33.8 kg/m 2 ).
Most patients (61%) in the study were categorized into a mild severity of the comorbidity group. Stratification by the Charlson Comorbidity Index Score and its age-adjusted version is provided in Table 1 .
The average ESR mm/hr and CRP mg/L at the time of diagnosis were 66.9 and 6.4, respectively. Infectious microorganisms varied widely but included six cases of methicillinresistant Staphylococcus aureus, two cases of vancomycin-resistant Enterococcus, and two cases of multiorganism infections.
The average length of time between the diagnosis of PJI and knee fusion was 18.2 months. Table 2 details the staged surgical course, outcomes, and complications of the patients undergoing arthrodesis.
The patients were able to be grouped by treatment approaches: IM nail, external fixation device due to a poor soft-tissue envelope, and alternative arthrodesis methods due to anatomic reasons ( Figure 2 ).
Arthrodesis with a long IM nail was the preferred treatment and was attempted in 17 patients (cases 1 through 17) ( Table 2) . Sixteen of 17 patients (94%) with an IM rod attained a clinical stable fusion, with no clinical and laboratory signs of infection. The infection relapsed in 2 of the original 17 patients (12%) with IM nail placement. One (case 16) was on longterm immunosuppressive therapy after organ transplantation and was effectively managed with removal of the rod, placement of an external fixator Four patients (cases 18 through 21) at the time of attempted fusion lacked sufficient soft-tissue coverage and were alternatively treated with an external fixator. Three of four cleared the infection and attained Two patients were treated with alternatives to IM nails because of anatomic reasons. One patient (case 23) was treated with an external fixator because of previous total hip arthroplasty. After developing a nonunion, the patient was offered a repeated attempt at fusion but elected for AKA. Case 22 with rheumatoid arthritis had bilateral autofused hips, and preexisting knee deformity was treated with a long leg cast. The patient further developed wound dehiscence at the explant site, necessitating wound VACs. The patient achieved fusion and healing of the fracture in a long leg cast with an angulation of 30°of procurvatum, which was planned to be corrected during subsequent surgery. In total, three patients underwent AKA: one because of nonunion and two because of persistent infection. The patient who underwent AKA because of nonunion had a previous articulating antibiotic spacer and an external fixator. The same patient ultimately decided on an amputation 2 years after his original external fixation instead of undergoing another arthrodesis procedure. The patients who underwent AKA because of persistent infection, one of whom had persistent purulent drainage, had previous static cement spacers. The external fixation device was chosen in one of them, and IM nailing was the preferred fusion method in the other.
Of the 23 patients who underwent knee arthrodesis for knee PJI, 8 (35%) had no complications. Complications in those patients with external fixation arthrodesis included distal pin loosening, skin impingement, pin-tract infection, and wound dehiscence. Complications in patients who underwent knee arthrodesis with IM nailing included painful screws, foot drop, anterior thigh abscesses, tibial osteomyelitis, compartment syndrome, and wound dehiscence. Of note, one patient (case 17) ( Table 2) had persistent infection and nonunion after knee arthrodesis using an IM nail and required a total of two IM nail procedures separated by placement of an antibiotic rod and an Ilizarov external fixator, after which he achieved fusion and eradication of infection.
The average follow-up time after knee arthrodesis was 40.4 months, with a minimum of 12 months of follow-up. The average time to achieve radiographic bony fusion, defined as the presence of bone trabeculae in both AP and lateral radiographs at the knee joint, for the cohort was 11.3 months (8.2 months for IM nailing alone and 12.2 for external fixation alone).
The average limb-length discrepancy after arthrodesis based on 12 cases was 4.85 cm. Eleven patients participated in KSS, KSS Functional Score, KOOS, and VAS surveys after arthrodesis. The average KSS was 44. The average KSS Functional Score was 27.7. The average KOOS Symptom Score was 73.1. The 
Discussion
Knee arthrodesis is a well-recognized salvage procedure in the challenging treatment of persistent PJI. After multiple failed surgical interventions, including placement of a static or articulating antibiotic-loaded cement spacer, knee arthrodesis can provide a painless, stable joint and eliminate infection. 4 Options for knee arthrodesis include internal fixation with IM nailing, external fixation, and tibiofemoral screw-plate fixation. 4 IM nailing was the preferred treatment in our series. Of these options, IM nails are reported to provide greater stability, avoid pintract infection, and allow faster weight-bearing, and several authors have reported good results with internal fixation arthrodesis with IM nailing. 3, 4, [7] [8] [9] [10] [11] 18, 20 However, fusion with an external fixator is a reasonable option when dictated by patient circumstances, such as a poor soft-tissue envelope or anatomy. 4 Achievement of bony fusion in the literature ranges from 73.7% to 100%. 1, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Our group achieved bony fusion and eradication of infection in 20 of 23 patients (87%), well within the range of studies in the literature, many of which are small studies to which our study size compares favorably. 1, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Three patients in our study underwent AKA due to nonunion or persistent infection. Much like previous studies, active infections are the primary cause of failed arthrodesis necessitating AKA, emphasizing the importance of maximizing therapy against the infectious organism. Along the same lines, those treated with external fixation constructs tended to have high incidence of pin-tract infections and recurrent infections. The exception in our series is that one of the patients preferred AKA rather than a second attempt at fusion with external fixator arthrodesis augmented with bone graft after tolerating his previous external fixation device for 2 years. One patient in the series did require multiple arthrodesis procedures to achieve bony fusion.
The mean time to achieve radiographic bony fusion was 11.3 months, slightly more than the range of 3.6 to 9.3 months reported in the literature. 1, 7, 8, [10] [11] [12] [13] [14] [15] [16] [17] However, with the exclusion of an outlier that necessitated 60.4 months to fusion and resolution of infection due to osteomyelitis, our mean falls within the range reported by the literature. This patient's course was repeatedly complicated by multiple infectious organisms and difficulty eradicating the osteomyelitis.
The mean limb-length discrepancy was 4.85 cm. The limb-length discrepancy after knee arthrodesis in the literature ranges from 2.76 to 5.5 cm. 1, 7, 8, 10, 12, [15] [16] [17] [18] Table 3 outlines other authors' results with knee arthrodesis procedures. Each patient with limb-length shortening was offered a shoe lift, and 16 of 20 patients with successful arthrodesis were able to ambulate after the procedure.
Fifteen of 23 (65%) patients who underwent knee arthrodesis had some complications after the procedure. In tibiofemoral screw-plate fixation arthrodesis, complications were limited to hardware failure. In external fixation, arthrodesis complications overwhelmingly involved the pins and included skin impingement, pin-tract infection, pin loosening, fracture through pin site, and wound dehiscence. Furthermore, in these patients adjunctive methods were often used to assist in wound closure. In IM nail arthrodesis, complications included foot drop, painful devices, compartment syndrome, osteomyelitis, and wound dehiscence. These types of complications are consistent with reported outcomes in other studies. 1, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] All patients were assessed for physical function, pain, and stiffness in the clinic. Sixteen of the 20 successful patients with arthrodesis are able to ambulate and perform their activities of daily living with minimal pain, although 6 required a walker or cane to ambulate. Based on the review of patient KSS, KSS Functional Scores, KOOS, and VAS pain scores, patients were largely painfree but did have significant functional limitations. Arthrodesis is a salvage procedure useful to prevent limb amputation in very challenging cases, and these reported functional outcomes seem to be within an acceptable range.
We suggest that knee arthrodesis can provide a functional, painless, stable knee joint and is a good option for patients who have failed twostage revision with an antibioticloaded cement spacer. In our group, 20 of 23 patients showed clearance of the infection clinically and achieved clinical and radiographic knee fusion. Although persistent TKA infection is a devastating problem for patients and clinicians, knee arthrodesis is a salvage procedure, which, despite complications, provided our group with consistent results.
